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DFFRUGLQJWRWKH61FXUYH+RZHYHUVRPHGHJUDGDWLRQRIVPDOOEUDQFKSLSHVKDVFDXVHGXQH[SHFWHGVKXWGRZQRI
133VEHFDXVHRIYLEUDWLRQ$FFRUGLQJWRVRPHIDLOXUHLQYHVWLJDWLRQV>@LWLVIRXQGWKDWWKHYLEUDWLRQIDWLJXHIDLOXUH
PDLQO\RFFXUVLQWKHZHOGMRLQWVRIVPDOOEUDQFKSLSHVLQWKH133V9LEUDWLRQIDWLJXHFUDFNVLQVPDOOEUDQFKSLSHVRI
WKHDX[LOLDU\V\VWHPLQ'D\D%D\133VKDYHFDXVHGVHYHUDODFFLGHQWV >@6LQFH WKHGHJDVVHUFRQGHQVHUVSUD\LQJ
SLSHOLQHRIXQLW,LQ4LQVKDQ133KDVEHHQSXWLQWRRSHUDWLRQLWLVDOZD\VLQVHYHUHYLEUDWLRQFRQGLWLRQDQGRXWVLGH
VXUIDFHFLUFXPIHUHQWLDOFUDFNVKDYHEHHQIRXQGPDQ\WLPHVLQZHOGWRH>@7KHUHIRUHKRZWRMXGJHWKHYLEUDWLRQ
IDLOXUHEHFRPHVPRUHDQGPRUHLPSRUWDQW
7KHIDWLJXHFUDFNFDQJHQHUDWHVLQWKHZHOGURRWDQGZHOGWRH,QWHUPVRIFUDFNVSURSDJDWLQJGLUHFWLRQWKHZHOG
WRHFUDFNVSURSDJDWHIURPRXWVLGHWRLQVLGHEXWWKHZHOGURRWFUDFNVSURSDJDWHLQRSSRVLWHGLUHFWLRQ%HFDXVHZHOG
WRHFUDFNVSURSDJDWHIDVWHUWKDQZHOGURRWFUDFNVWKHZHOGWRHFUDFNVDUHPRUHGDQJHURXVWKDQWKHZHOGURRWFUDFNV
7KHUHIRUHWKHZHOGWRHFUDFNVZLOOEHUHVHDUFKHGLQWKLVSDSHU
0RUHRYHUDFFRUGLQJ WR WKH OLQHDUHODVWLF IUDFWXUHPHFKDQLFV WKH VWUHVV LQWHQVLW\ IDFWRUFDQ UHIOHFW WKHSK\VLFDO
TXDQWLW\RIWKHVWUHVVILHOGQHDUWKHFUDFNWLS7KH0RGH,FUDFNLVWKHPRVWFRPPRQDQGGDQJHURXVFUDFNW\SHLQWKH
HQJLQHHULQJ,WZLOOSURSDJDWHXQVWHDGLO\HYHQFDXVHIDLOXUHLIKILVJUHDWHUWKDQKIC)RUQRUPDOJHRPHWULFVWUXFWXUHV
WKH6,)FDQ¶WEHFDOFXODWHGE\WKHWKHRUHWLFDOIRUPXODDFFRUGLQJWRVWUHVVLQWHQVLW\IDFWRUPDQXDO+RZHYHU1HZPDQ
DQG5DMXIRXQGWKH6,)GLVWULEXWLRQRIVHPLHOOLSWLFDOVXUIDFHFUDFNLQDSODWHXQGHUXQLIRUPWHQVLRQRUEHQGLQJORDG
E\WKHILQLWHPHWKRGDQGWKHUHVXOWVZHUHUHOLDEOHDQGZLGHO\XVHG>@7KXVWKHILQLWHPHWKRGFDQEHDUHDVRQDEOH
PHWKRG :H KDYH VXPPDUL]HG WKH PHWKRGV WR VROYH 6,) 7KH\ FDQ EH JHQHUDOO\ GLYLGHG LQWR WKUHH FDWHJRULHV
DQDO\WLFDOPHWKRGH[SHULPHQWDOPHWKRGDQGQXPHULFDOPHWKRG%HFDXVHWKHUHVLGXDOVWUHVVLQZHOGWRHLVKLJKDQG
VWUHVVGLVWULEXWLRQLVFRPSOH[VRLWLVGLIILFXOWWRJHWWKHH[DFWYDOXHE\WKHDQDO\WLFDOPHWKRG,QWKHOLWHUDWXUH>@
ZRUNVKDYHEHHQIRFXVHGRQWKHFDOFXODWLRQRIWKH6,)VIRUWKHZHOGWRHRID7EXWWZHOGHGSODWH7KHGLVWULEXWLRQ
DQGPDJQLILFDWLRQ IDFWRUV RI6,)V IRU WKHZHOG WRH KDYHEHHQ LQYHVWLJDWHG > @0RUHRYHU QRGH VLQJXODU
HOHPHQWPHWKRGDQGWKHK\EULGJULGH[SDQVLRQPHWKRGDUHDGRSWHGWRVWXG\WKH6,)VGLVWULEXWLRQRIWKHZHOGWRHLQ
WKHVWRUDJHWDQN>@+RZHYHUWKH6,)VGLVWULEXWLRQRIZHOGWRHIRUVPDOOEUDQFKSLSHVKDVQRWEHHQLQYHVWLJDWHG
7KHUHIRUHWKH6,)VGLVWULEXWLRQRIZHOGWRHZLOOEHGHYHORSHGWRSUHGLFWWKHYLEUDWLRQIDWLJXHOLIHRIVPDOOEUDQFK
SLSHVVRWKDWWKHRSHUDWLRQVDIHW\RIVPDOOEUDQFKSLSHVLQ133VFDQEHDVVXUHG
)LQLWHHOHPHQWPRGHO
2.1. Model structure and parameters 
7KHRXWHUVXUIDFHFLUFXPIHUHQWLDOFUDFNLQZHOGWRHLVVHOHFWHGDVWKHUHVHDUFKREMHFWDQGWKHJHRPHWULFVWUXFWXUH
LVVKRZQLQ)LJD2XWVLGHGLDPHWHURIWKHSLSHLVR7KLFNQHVVRIWKHZDOOLVt&UDFNGHSWKLVaDQGFUDFNOHQJWK
LVGHILQHGE\DQJOHș7KHGHWDLOHGJHRPHWULFDOVWUXFWXUHRIZHOGHGMRLQWLVVKRZQLQ)LJE7KHSHQHWUDWLRQGHSWK
LVhpWKHUDGLDOVSDFHĳWKHDQJOHRIZHOGWRHDQGsWKHD[LDOVSDFH LLVWKHVL]HRIZHOGMRLQWSHUSHQGLFXODUWRWKH
SLSHDQGLLVSDUDOOHOWRWKHSLSH7KHPDWHULDORIVRFNHWZHOGMRLQWLV/VWDLQOHVVVWHHO7KHPRGXOXVRIHODVWLFLW\
ELV*3DDQGWKH3RLVVRQ
VUDWLRȝLV3DUDPHWHUVRIWKHZHOGMRLQWDUHVKRZQLQ7DEOH

 
D7KHRXWVLGHVXUIDFHFLUFXPIHUHQWLDOFUDFNE*HRPHWULFDOVWUXFWXUHRIVRFNHWZHOG
)LJ7KHJHRPHWU\RIWZRGLPHQVLRQDOVWUXFWXUH
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7DEOH3DUDPHWHUVRIWKHVRFNHWZHOGMRLQW
pPP hPP ĳ sPP LPP LPP
     
2.2.  Model building process 
7KUHHGLPHQVLRQDOILQLWHHOHPHQWPRGHOLVEXLOWXVLQJ$%$486VRIWZDUH7KHHQWLW\XQLWRIWKLVILQLWHHOHPHQW
PRGHOLV&'5$QGWKHUHDUHHOHPHQWVDQGQRGHV7KLVPRGHOLVVLPSOLILHGDVDFDQWLOHYHUEHDP
2QHHQG LV IUHHDQG WKHRWKHUHQG LVDSSOLHGZLWKDEHQGLQJ ORDG LQ;GLUHFWLRQDV VKRZQ LQ)LJ7KHRXWVLGH
GLDPHWHURI)ODQJHLVPPDQGWKHZDOOWKLFNQHVVLVPP>@7KHH[WHQGHGOHQJWKRIVPDOOEUDQFKSLSHLV
FKRVHQDVPP
:KHQWKHPRGHOLVEXLOWWKHHOHPHQWVZLWKRXWFUDFNVEXWRQWKHUHDOORFDWLRQRIFUDFNDUHUHSODFHGE\FUDFNEORFN
FRPSRVLQJRIVLQJXODUHOHPHQWVZKLFKDUHPDGHE\=(1&5$&.VRIWZDUH,QWKLVSDSHUWKHFUDFNLVJHQHUDWHGE\
WKHFRPELQDWLRQRIFLUFXODUFUDFNEORFNVBT[DQGSHQHWUDWLQJFUDFNEORFNVBW[WKHVHEORFNVDQG
WKHJHQHUDWHGFUDFNWLSPHVKDUHVKRZQLQ)LJ

 
D7KHOHQJWKPRGHOZLWKRXWFUDFNVE0HVKRIZHOGLQJ
)LJ)LQLWHHOHPHQWPRGHOEXLOWE\$%$486

  
F7KHFLUFXODUFUDFNEORFNG7KHSHQHWUDWLQJFUDFNEORFNH0HVKRIFUDFNWLS
)LJ&UDFNPRGHOLQJSURFHVVE\=(1&5$&.
5HVXOWDQGGLVFXVVLRQ
,QWKHOLQHDUHODVWLFIUDFWXUHPHFKDQLFVWKHUHODWLRQVKLSEHWZHHQHQHUJ\UHOHDVHUDWH*DQGVWUHVVLQWHQVLW\IDFWRU
KILVH[SUHVVHGDVIROORZV
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=
; ;
=
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)RUSODQHVWUHVVVWDWHE1=E$QGIRUSODQHVWUDLQVWDWH   
E
E
P
 7KHSODQHVWUDLQVWDWHLVDSSOLHGWRWKHVPDOO
EUDQFKSLSH
7KHHQHUJ\UHOHDVHUDWHGLVFDOFXODWHGE\=(1&5$&.VRIWZDUHDQGWKHQ6,)VDUHFDOFXODWHGE\(T&KHQ
HWDOKDYHIRXQGWKDWFHOOOD\HUVDURXQGFUDFNWLSDQGWKHUDWLRRIVLQJXODUHOHPHQWVL]HDQGFUDFNGHSWKKDYHJUHDW
HIIHFWRQWKHFDOFXODWLRQDFFXUDF\RI KI>@7KHUHIRUHWKHPHVKSDUWLWLRQSDUDPHWHUVRIWKHFUDFNWLSLQWKH>@DUH
FRSLHGLQWKLVSDSHUWRHQVXUHRXUFDOFXODWLRQUHVXOWV
%HFDXVHWKH6,)IRUZHOGWRHFUDFNVGHSHQGVRQFUDFNGHSWKa/tOHQJWKRIFLUFXPIHUHQFHFUDFN șʌEHQGLQJORDG
P,DQG WKHHIIHFWRIHDFKSDUDPHWHURQ6,)ZLOOEHDQDO\]HGVHSDUDWHO\'XULQJWKHDQDO\VLVWKHJUDYLW\ORDGLVDGGHG
RQWKHPRGHOE\DSSO\LQJWKHDFFHOHUDWLRQgLQ;GLUHFWLRQ
3.1. The effect of a/t on KI 
:KHQDQDO\]LQJWKHHIIHFWVRIa/tRQKI WKHFLUFXPIHUHQWLDOFUDFNOHQJWKș/ʌ LVVHOHFWHGDVDQGWKHEHQGLQJ
ORDGPLVN17KHGLVWULEXWLRQRIKILVVKRZQLQ)LJ7KHKRUL]RQWDOFRRUGLQDWHLVQRWHQXPEHUDORQJFUDFNWLS
)RUDJLYHQa/tWKHGLVWULEXWLRQFXUYHVRIKIDORQJWKHFUDFNWLSORRNVOLNHDOSKDEHW³8´XSVLGHGRZQ7KHPD[LPXP
YDOXHRIWKH6,)LVDWWKHGHHSHVWSODFHRIWKHFUDFN7KHZDUSLQJSKHQRPHQRQKDSSHQVDWWKHHQGVRIWKHFXUYHVWRD
FHUWDLQ GHJUHH 7KLVPD\ EH FDXVHG E\ WKH ERXQGDU\ HIIHFW RI VLPXODWLRQ RU FDXVHG E\ WKH UHODWLYHO\ ODUJH UDWLR
EHWZHHQWKHJULGOHQJWKDQGZLGWK>@


)LJ7KHHIIHFWRIa/t RQKI
3.2. The effect of ș/ʌ on KI 
:KHQDQDO\]LQJWKHHIIHFWVRIș/ʌRQKIFUDFNGHSWKa/t LVVHOHFWHGDVDQGWKHEHQGLQJORDGPLVN17KH
GLVWULEXWLRQRIKILVVKRZQLQ)LJ)RUDJLYHQș/ʌWKHFXUYHVRIKIDOVRGLVWULEXWHDVXSVLGHGRZQ³8´DOSKDEHW
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DORQJWKHFUDFNWLS:LWKWKHOHQJWKRIFUDFNLQFUHDVLQJWKHYDOXHRIKIGHFUHDVHVKIGHFUHDVHVZKHQWKHLQLWLDOFUDFN
LQWKHZHOGWRHRIWKHVPDOOEUDQFKSLSHVSURSDJDWHVJUDGXDOO\WRDODUJHFUDFNDQGILQDOO\IUDFWXUHV


)LJ7KHHIIHFWRIș/ʌRQKI
3.3. The effect of P on KI 
$FFRUGLQJWRWKHDERYHDQDO\VLVLWLVIRXQGWKDWWKHPD[LPXPYDOXHRIKI LVDWWKHGHHSHVWSRLQWRIWKHFUDFN,Q
RUGHUWRILQGUXOHVRIKIFKDQJLQJZLWKWKHORDGPWKHFUDFNGHSWKa/tLVFKRVHQDVDQGWKHFUDFNOHQJWKș/ʌLV
7KHGLVWULEXWLRQRIKILVVKRZQLQ)LJ,WLVIRXQGWKDWWKHPD[LPXPYDOXHRI6,)LVDOLQHDULQFUHDVLQJIXQFWLRQRI
H[WHUQDOORDGP


)LJ7KHFXUYHRI6,)VIRUZHOGWRHYVH[WHUQDOORDGV
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)UDFWXUHFULWHULRQDQGFDOFXODWLRQRIFULWLFDOFUDFNVL]HV
$FFRUGLQJWRWKHWKHRU\RIIUDFWXUHPHFKDQLFVLWLVHDV\WRVHHWKDWZKHQWKH6,)KIRIWKHPRGH,FUDFNZKLFK
EHDUVDFHUWDLQORDGUHDFKHVWKHIUDFWXUHWRXJKQHVVRIWKHPDWHULDOKICWKHFUDFNZLOOH[WHQGXQVWDEO\DQGIUDFWXUHV
TXLFNO\7KHUHIRUHWKHKICFDQEHXVHGDVWKHIUDFWXUHFULWHULRQDQGWKHHTXDWLRQLVH[SUHVVHGDVIROORZV
I ICK Kd   
,IWKHKICDQGORDGDUHJLYHQWKHFULWLFDOFUDFNVL]HLVFDOFXODWHGE\(T
 IC
c
K
a
YS V
 § ·¨ ¸© ¹
  
ZKHUHYLVWKHVKDSHFRUUHFWLRQIDFWRU
,QRUGHUWRGHWHUPLQHWKHFULWLFDOVXUIDFHFUDFNVL]HRIZHOGWRHLQVPDOOEUDQFKSLSHVWKHKIRIWKHGHHSHVWSRLQW
RI VHYHUDO FUDFNV ZLWK GLIIHUHQW VL]HV LV FDOFXODWHG XQGHU WKH JLYHQ ORDG P 'XULQJ WKH RSHUDWLRQ RI 133V WKH
PLQLPXPH[WHUQDOORDGRIWKHUHVHDUFKHGVPDOOEUDQFKSLSHVLVHVWLPDWHGDVN17KHUHIRUHWKHORDGPLVVHOHFWHG
DVN1)RUWKHGLIIHUHQWFUDFNOHQJWKș/ʌWKHFXUYHVRI6,)VKIYVFUDFNGHSWKVa/tDUHVKRZQLQ)LJ7KHFULWLFDO
FUDFNVL]HVFDQEHFDOFXODWHGE\WKHFURVVSRLQWVRIKI DQGKIC. 
'XULQJ UHDO ZRUNLQJ SURFHVV WKH H[WHUQDO ORDG P YDULHV ZLWK WLPH EHFDXVH RI WKH LQWHUQDO IOXLG SUHVVXUH
IOXFWXDWLRQVVKXWGRZQRIWKHYDOYHVHWDO)RUGLIIHUHQWORDGVWKHFULWLFDOFUDFNVL]HVDUHVKRZQLQ)LJ$FFRUGLQJ
WRWKHFXUYHVRIWKHFULWLFDOFUDFNVL]HVYVFUDFNOHQJWKLWFDQEHIRXQGWKDWWKHFUDFNGHSWKVa/tGHFUHDVHVZLWKWKH
LQFUHDVHRIFUDFNOHQJWKVș/ʌ$QGIRUDJLYHQ ș/ʌWKHFULWLFDOFUDFNGHSWKa/t LQFUHDVHVZLWKWKHGHFUHDVHRIWKHORDGV


)LJ&XUYHVRI6,)VKI YVFUDFNGHSWKVa/tZLWKP N1
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)LJ7KHFULWLFDOFUDFNVL]HVUDQJHZLWKORDGV
&RQFOXVLRQV
,QRUGHUWRILQGDMXGJPHQWFULWHULRQRIWKHYLEUDWLRQIDWLJXHIDLOXUHRIVPDOOEUDQFKSLSHVLQ133VVWUHVVLQWHQVLW\
IDFWRUV IRUPRGH , FUDFN LQ WKHZHOG WRH RI VPDOO EUDQFKSLSHVKDVEHHQ LQYHVWLJDWHGE\ WKUHHGLPHQVLRQDO ILQLWH
HOHPHQW7KHGLVWULEXWLRQRIKIDORQJWKHFUDFNWLSKDVEHHQDQDO\]HG7KHFRQFOXVLRQFDQEHGUDZQWKDWWKHFXUYHRI
KIGLVWULEXWHVDVXSVLGHGRZQ³8´DOSKDEHWDORQJWKHFUDFNWLSIRUDFHUWDLQORDG7KHPD[LPXPYDOXHRIKILVDWWKH
GHHSHVWSRLQW LQ WKHFUDFN7KHPD[LPXPYDOXHRI6,) LVD OLQHDU LQFUHDVLQJ IXQFWLRQRIH[WHUQDO ORDGP)RU WKH
FUDFNVZLWK WKH VDPH GHSWK WKH VPDOOHU WKH FLUFXPIHUHQWLDO OHQJWK RI WKH FUDFN LV WKH ELJJHU WKH 6,)KI LV 7KLV
SKHQRPHQRQ WHOOV WKDW VPDOO FUDFNVKDYH D WHQGHQF\ WRJURZ$QG WKHFULWLFDO FUDFN VL]HVKDYHEHHQ VROYHGZLWK
VHYHUDOORDGV7KHFULWLFDOFUDFNVL]HGHFUHDVHVZLWKWKHLQFUHDVHRIORDG7KHVHUHVXOWVZLOOFRQWULEXWHWRHVWLPDWHWKH
YLEUDWLRQIDWLJXHIDLOXUHRIVPDOOEUDQFKRISLSHVLQ133V
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